A key strategy in the European Union's ambition to establish an 'Energy Union' that is not just clean, but also fair, consists of empowering citizens to actively interact with the energy market as self-consumers or prosumers. Although renewable energy sources (RES) prosumerism has been growing for at least a decade, two new EU directives are intended to legitimise and facilitate its expansion. However, little is known about the full range of prosumers against which to measure policy effectiveness. We carried out a documentary study and an online survey in nine EU countries to shed light on the demographics, use of technology, organisation, financing, and motivation as well as perceived hindering and facilitating factors for collective prosumers. We identified several internal and external obstacles to the successful mainstreaming of RES prosumerism, among them a mismatch of policies with the needs of different RES prosumer types, potential organisational weaknesses as well as slow progress in essential reforms such as decentralising energy infrastructures. Our baseline results offer recommendations for the transposition of EU directives into national legislations and suggest avenues for future research in the fields of social, governance, policy, technology, and business models.
Introduction
The European Commission (EC) is spearheading the EU's plan to 'lead the clean energy transition, not only adapt to it' [1] . In 2016, the EC started developing a 'Clean Energy Package' that has now been finalised (the eight legislative acts that compose the Clean Energy package were recently concluded The article is structured as follows: in Section 2, we will embed our research within its scope. We will then, in Section 3, present the methodology employed to survey a diversity of RES prosumer initiatives in nine countries in Europe: Belgium (BE), Croatia (HR), France (FR), Germany (DE), Italy (IT), the Netherlands (NL), Portugal (PT), Spain (ES), and the United Kingdom (UK). In Section 4, we present the results of our collective RES prosumer characterisation, the most significant of which are subsequently discussed in light of their policy implications in Section 5. In Section 6, we sum up our key conclusions and make some policy recommendations to support the continued growth of RES prosumerism in the EU, while safeguarding the vision of the Energy Union.
Background Review of Renewable Energy Sources (RES) Prosumerism
Reviewing nine EU countries as well as the EU as a whole, we found that differences in the take-up of RES prosumerism can be attributed among others to the varying investment in RES [17] , energy path dependencies related to the natural resources available in the different countries (see for example [18] ), as well as cultural factors (e.g., [19, 20] ). Of the countries studied by us, only Portugal and Croatia approached the mark of a 30% share of renewable energy sources in gross final consumption of energy, while France, Spain, and Germany scored around the EU average (17.53%), and the United Kingdom, Italy, the Netherlands, and Belgium scored closer to the 9% mark [21] . Each country's context is reflected in the overall energy forms that it consumes (i.e., countries with good hydric conditions have a high production of hydro-electricity, countries that (historically) have access to natural gas (NL, UK), have gas-driven heating systems, France is largely dependent on its nuclear energy production, etc). Overall, in the EU at the RES level, hydro continues as a leading energy technology, with wind energy coming in either in first or in second place in terms of production capacity. Solar-powered electricity, meanwhile, is growing fast in most countries including the more northern countries [21] .
Despite the advances made in restructuring the legislative and policy framework to prepare the EU's clean energy transition, Campos et al. [22] highlighted considerable disparities in legislative and policy support for RES prosumerism in different EU countries, resulting in varying levels of prosumer development. The Clean Energy Package is intended to homogenise the attitude of EU countries toward prosumerism, but it presents several challenges. A key challenge is the imposition of new definitions and rules for individuals as well as collective forms of RES prosumerism that, besides falling short of representing the full diversity of prosumer initiatives sprouting up [10, [23] [24] [25] , is prone to different interpretations in the subsequent transposition to national legislations, a process that must mandatorily be concluded in 2021.
Several reports, reviews, and case studies have tried to produce insight into the drivers, facilitating factors as well as barriers for energy cooperatives and communities. In the sub-sections below, we aim to summarise the most recent and relevant conclusions available from the literature.
Sociocultural and Socio-Economic Factors of Prosumerism

•
The institutional features of communities that decide to self-produce will influence/facilitate the process (e.g., whether there is a tradition of cooperatives and/or of collective ownership, how strong is the sense of responsibility for community, etc.) [19, 20] ; • Social drivers tend to be predominant in community initiatives including in the area of energy (e.g., the need to respond to societal challenges or local social demands) [26] . Bauwens' studies point to a strong desire of energy community initiatives to oversee the (clean) energy supply for their community [27, 28] ; • A recent review of community energy initiatives found that the latest wave of prosumer initiatives was less tied to advances in renewable energy technology or changes in legislation than to the desire to democratise and decentralise energy [29] ; • Aside from responding to societal challenges, energy community initiatives can also bring financial benefits for the community engaged [30, 31] ;
• Members of energy community initiatives report satisfaction in being part of a community experiment [30] and they tend to be more norm-driven as well as more positive toward an energy system change when part of collective, participative energy projects [28, 30, 32] ; •
There are a number of cultural and socio-political barriers to the further development of RES prosumerism, among them the lack of (technical) knowledge in the prosumer initiatives (which are more than often run by volunteers), the spread of misinformation about renewable energy alternatives, and the lack of legitimacy attributed to the cooperative model [30, 31] ; • A gender imbalance has been posited in energy prosumerism: a relationship has been established between gender and risk of energy poverty [33] as well as between the different ways in which women and men participate in the energy sector and in energy policy decisions, with women generally being highly under-represented in both [34, 35] .
Technical Factors
• Energy communities are strongly connected to the use of renewable energy [30] ; • Collective energy initiatives provide an opportunity for bottom-up innovation in energy efficiency and production and for innovative business models: this topic has been well-researched, not only in terms of grassroots innovation in energy, but also in other key areas of human production (see among others [14, 36, 37] ); • RES production is increasingly attractive as well as accessible, considering the rapidly falling costs of solar photovoltaic (PV) installations and batteries for storage [31] .
Financial Factors
• There is an increasing incentive to self-consume rather than sell to the grid, with feed-in-tariff rates dropping or being abolished, such as in the United Kingdom [31] ; • Despite falling costs for RES technologies and accessories, installations can still command considerable investment, in particular, wind parks [30, 31] .
Political Factors
• There are considerable legal-political implications from relocating control over such a crucial resource as energy to emerging new actors, such as prosumers and prosuming energy communities [9, 38] . This may cause governments to hesitate, delay, or stall the development of prosumers. For example, Germany, having 100 years of experience with electricity cooperatives and hundreds of small grid operators, has been under pressure for years by the EU to minimise its number of grid operators [31] ; • Policy advocates for RES prosumerism complain that on the one hand, energy infrastructures are insufficiently digitalised, and on the other, existing digital systems (such as trading and billing) are still in the hands of large energy companies [7] ; • EU countries are being very slow in phasing out subsidies for fossil fuels, which is creating overcapacity in the energy market, with the EU barely keeping up with the growth of RES [7] (p. 6); • Due to the liberalisation of energy markets, there is a growing number of purely commercial RES initiatives set up by project developers and incumbent energy companies, in some cases creating legal structures that appear collaborative (i.e., the cooperative), but are not de facto in citizens' hands [31] ; •
The federation of RES cooperatives and communities complain of rigorous lobbying by large energy companies to reign in the amount of control RES initiatives may command over the energy system [31] ; • Energy cooperatives and communities report increasing bureaucratic and regulatory hurdles for starting and running a prosumer initiative, and the current political and legal framework is unstable, with a tapering off of RES prosumer incentives [29] [30] [31] ;
Our review reveals several opportunities for the thriving of RES prosumerism, but also an alarming number of barriers and legal/policy contradictions. One concern raised by a number of scientists, policy-makers, as well as representatives of energy communities and cooperatives themselves [31] is how to ensure a more inclusive and democratically-run energy transition such as that being promoted by the EC as a cornerstone of the Energy Union [13, 37, 39] . For example, should civic-focussed renewable energy initiatives be treated differently than self-interest/profit-focussed initiatives, and who should run the transmission and distribution networks [31] ? These are sensitive and under-discussed topics that will influence the pathway of collective RES prosumerism.
In the next section, we present the methodology of our study of collective forms of RES prosumerism.
Methodology
To elucidate the current state of play for collective (i.e., non-household) prosumer initiatives in Europe, we drew upon an interdisciplinary mix of qualitative and quantitative methods, used in different iterations. Our review was conducted for the whole of the EU as well as zooming in on nine EU countries: BE, HR, FR, DE, IT, NL, PT, ES, and UK. Our survey process included: (i) content preparation; (ii) sampling strategy; (iii) survey administration; (iv) data processing; and (v) data analysis. Our main objective was to obtain an overall picture of the profiles of collective RES prosumer initiatives and the context(s) in which they are developing.
The survey form was designed using a collaborative and iterative approach, drawing on the pooled information needs from the multi-disciplinary research team as well as the knowledge acquired in previous, similar surveys. The survey questionnaire was designed and programmed by us to be answered online and covered six categories, each corresponding to a different information need, with a total of 32 questions (see Appendix A for a full list of the questions).
The main categories were:
Due to the ambitious nature of our information needs-implying a longer questionnaire-the survey was set up as a multiple case-study. The online, user-friendly survey form was made available in the respondent's own language (a total of eight languages), and its launch was, for most countries, combined with a soft-push approach in two or three steps (telephone calls to leaders of the initiatives, an explanatory email with a link to the survey, and a follow-up email or phone call, as needed).
The final questionnaire is publicly available [23] (pp. 90-116), and has also been submitted as Supplementary Material (Document S1), while examples of questions can be found in Appendix B.
The sample for our self-administered survey was drawn from the nine countries. We included countries with fertile environments for RES prosumerism (DE, UK, NL); two countries with a long history of self-consumption either at an industry or at the regional level but where new prosumer initiatives encounter significant challenges (BE, IT); and four countries where RES prosumerism has only just been legalised: two small countries (HR, PT), and two large ones (FR, ES).
Since there is no established overview of RES prosumer initiatives across Europe, we took an iterative approach to respondent identification. Research teams in the different countries were asked to build exploratory databases of collective RES prosumers in several steps, each being subjected to database analysis to improve these exploratory actor types. In the first iteration, it became clear that our collective forms of RES prosumers were not easily categorised, with attribute overlaps existing between the exploratory types found. In a next step, we decided to distinguish between those actors actually prosuming (i.e., producing and consuming energy from renewable energy sources, as an entity or through its members) and those actors influencing RES prosumerism (i.e., facilitating, promoting, financing, supporting, benefitting from, or even hindering) (see Table 1 ). Table 1 . Working definitions of collective renewable energy sources (RES) prosumers and RES prosumer stakeholders. Source: [23] (pp. [24] [25] .
Broad Actor Type Working Definition
Collective RES prosumer A collective energy actor that produces energy from renewable sources with the primary objective of providing in its own energy needs and/or those of its members, and in some cases selling excess energy to clients, thereby actively participating in the energy markets.
RES prosumer stakeholders
Organisations, institutions, or collectives-or their representatives-that influence, facilitate, benefit from, and/or may hinder the development and evolution of RES prosumer initiatives, in particular, its collective form.
After a few iterations, our exploratory database analysis identified six broad categories of collective RES prosumer actors capable of describing the RES prosumer initiatives and stakeholders that were collected in our databases across nine EU Member States ( Table 2) . Table 2 . Key categories of collective RES prosumer actors. Source: [23] (pp. [25] [26] [27] .
Type of Collective RES
Prosumer Actor Examples Notes
Energy cooperatives
Wind energy cooperatives; local energy cooperatives; regional energy cooperatives; cooperatives of cooperatives; dispersed-site cooperatives.
Cooperatives come in many shapes and forms, may have a local or broader focus, and may be for-profit or not-for-profit. They may even technically function as a utility.
Renewable energy communities
Partnerships between municipalities and local organisations and/or citizens; village energy communities; neighbourhood initiatives; informal collectives for RES prosuming; other forms of partnerships with a community focus.
Under the new EC definition these communities will have to have a legal entity (which may be a cooperative) running the initiative and have a clear local as well as a not-for-profit focus. Virtual communities as well as informal communities are not officially recognised.
Organisational prosumers
Public institutions (city council, school, retirement home); not-for-profit organisations such as NGOs and associations; businesses from different sectors (farming, services, sales).
Many of these organisations will behave as large households, bringing them closer to residential prosumers. Nevertheless, their motivations and ambition may vary significantly.
Property-sector prosumers
Social real-estate projects; home owner associations; municipal real estate schemes; district heating schemes.
Although technically this is a sub-sector of the previous category 3, organisational prosumers, this is a special case where business or public sector interests meet community interests.
RES prosumer-focussed initiatives
P2P energy trading platforms; Other energy aggregators; Energy developers; ESCOs.
These are not prosumer initiatives, but provide services to them or benefit in some other way from them.
Other RES and RES prosumer stakeholders
Municipal, regional or NGO campaigns that promote CO 2 neutrality, energy efficiency, green mobility, greener housing, or more generally 'sustainability' in their territory; EU governments; energy agencies; the EC; conventional energy companies; RES utilities.
Their campaigns may promote prosumerism, but they do not engage in it. Other stakeholders may influence the RES prosumerism phenomenon negatively or positively or may even compete with prosumers.
Our final sample population included close to 1000 RES prosumer initiatives. Each country research team had an objective according to the size of their prosumer population (i.e., countries such as Germany, the Netherlands, and the UK contacted hundreds of prosumer initiatives, whereas countries such as Croatia and Portugal did not have a population larger than 20 to 30 initiatives). Sampling was adjusted dynamically according to the type of respondents that answered our survey. A snowball technique was attempted to capture initiatives beyond our sample and countries of focus, but the lack of a personalised approach proved to be less successful, and only two additional initiatives, from Denmark and Finland, respectively, responded to this method.
Upon conclusion of the survey, we reclassified the dataset considering the distribution of respondents across countries and the high diversity of legal forms of the initiatives surveyed (see Section 4.1), after which the data were cleaned, tested, treated, plotted, and analysed, using the computational programme MATLAB, complemented with Excel, for our statistical analysis and generating graphs. The full details of how we proceeded can be found in [23] . Our dataset has not been made publicly available, since it contains sensitive information that would identify the initiatives that participated, to which we have promised full anonymity.
In the next section, we present and discuss our main results grouped as follows: distribution of the final dataset; general demographics and operational information; organisational structure; and the key drivers as well as perceived hindering/facilitating factors for developing a RES prosumer initiative.
Results
Distribution of the Final Dataset
Despite the challenges of an online questionnaire and indirect contact with respondents, the average response rate was 21.8%, corresponding to 198 initiatives that concluded our questionnaire. The number of respondents per country followed the anticipated trend and contacting strategies, with countries with longer histories of prosumerism achieving higher numbers (NL, DE, UK, FR, respectively). Smaller countries and/or countries where RES prosumerism is a more recent phenomenon achieved smaller numbers. With respondents from several countries (UK, NL, DE) warning us about survey fatigue, especially among energy cooperatives, Belgium provided less respondents than would have been expected when looking at the history of prosumerism in that country, while the Netherlands provided more.
We plotted all the answers for the whole dataset, for each of the countries, as well as for the top four legal forms encountered. Overall, and as expected, most of our respondents were energy cooperatives (60%, n = 119). Their spread across countries more or less followed the trends documented by the few statistical overviews that are available of energy cooperatives, which state that countries like Denmark lead with over 1,000 cooperatives and other northern European countries such as Germany, the UK, and Austria each count hundreds [40] , whereas in the south of Europe, the numbers tend not to exceed two dozen [41, 42] . There were three other main organisational forms: the for-profit company (14.5%); the public institution (9%); and the private not-for-profit organisation (8%). The prevalence of other legal forms was too residual to draw conclusions on correlations.
We also found and included in our analysis three types of initiatives that come close to a more direct form of energy community: public-private partnerships, partnerships between organisations and/or collectives, and informal civil society initiatives or collectives. Finally, we found RES prosumer initiatives that were run as projects by organisations or collectives (for example, a store that puts a RES installation on its roof as a stand-alone project, or when RES production is just one activity within an organisation promoting sustainable development). In total, we registered around 50 legal forms in the nine countries-of which many were similar, such as the legal form of the association or NGO as well as limited companies and corporations, but some were also quite different, such as the many 'sociétés' in France and the community societies in the UK. In consultation with the research teams in the different countries, we reclassified the legal forms, which resulted in a more manageable list of 10 legal forms (Table 3) . While the cooperative was clearly the preferred form for prosumer initiatives in our dataset, nevertheless, in some countries the balance was different than expected, such as in France, which had a higher percentage of initiatives opting for the for-profit/company form, or Croatia, where prosuming initiatives were almost exclusively companies, and finally Spain, where almost half of the respondents were public institutions. Even though a considerable number of informal prosumer collectives were contacted, the response rate was low.
Key Demographics and Operational Information on Collective RES Prosumers
Since respondents had space to comment in most of the questions of the survey, we analysed the additional information, which provided more evidence of the apparent mismatch between the legal form and organisational mission:
• Many initiatives highlighted that, independently of their legal form, they considered themselves an energy community (commenting for example: 'we are a community interest association and not-for-profit'). In several cases, instead of giving a straightforward answer to the question about their legal form, respondents would state that 'we are a municipality working with local organisations', 'we are a company/association but run as a cooperative', 'we are a citizens' cooperative', etc. One respondent did not identify as the company it clearly was, instead called their organisation a 'project developer'. As an example of the 'legal form dilemma', see [43] on legal forms chosen by early community energy initiatives in Germany.
•
Larger cooperatives, but also municipalities in NL, UK, and BE, reported that increasingly they were opting to create energy companies that will mediate for them in the energy market. They feel that they can move quicker and comply better with legislation by using a company. In this way, cooperatives are hybridising, but keeping their different missions separate, at least legally. •
There were a number of interesting outliers: an association that represents firms located on the same grounds that wish to aggregate their RES production; farming cooperatives that also wish to be prosumers, but not become energy cooperatives; energy suppliers that enable individuals as well as organisations to prosume and buy up the excess energy; and companies taking advantage of pro-renewable energy legislation to set up for-profit RES initiatives that buy up energy from others (an example is Croatia, where biogas is obtained from farmers by companies and then resold).
The growth trend of RES prosumer initiatives ( Figure 2 ) shows a slow growth period until 2010, a period of acceleration followed by a slowing down of growth in the period that the Energy Union and its pillars were debated as well as questioned, a period that starts in 2014, and a possible new growth spurt starting from 2017, with new countries joining the RES prosumerism phenomenon. However, over 12% of our dataset had not started producing yet, with quite a few initiatives complaining of excessive and complex bureaucracy and/or strict urban planning regulations, some even stating that they had given up on producing due to the above-mentioned barriers compounded with high investment requirements for some of the RES technologies (in particular, wind energy). These initiatives are now focussing on energy advice services and promoting energy efficiency or (e.g., in the UK) considering developing their own RES-ready housing. In terms of the scale of the initiatives in our dataset, we found 80% to have a local focus (i.e., town, city, municipality), with 16% having a regional focus, while a residual percentage had a national focus (3%). Of those that operated locally, 12% also reported on regional engagement.
We inquired as to the energy needs addressed by the RES prosumer initiatives in our dataset, and found that RES-powered electricity significantly took the lead, followed by heating and mobility, with cooling appearing in last place (Figure 3 ). Practically half of our respondents only focussed on producing electricity, while a bit less than half addressed several energy needs simultaneously, the combination of electricity and heating being most popular. The only legal form that did not follow this trend was that of the public institution, where cooling came in third place, and mobility in last. This may be linked to the fact that public institutions most often manage large(r) buildings. In terms of country trends, Germany stood out, with initiatives attributing almost equal importance to electricity and heating, which practically shared first place. The initiatives from the other countries followed the main trend and appeared to have heating trailing significantly behind electricity. This is despite the fact that half of the countries surveyed had a considerable share of heating and cooling from RES sources as a percentage of their total RES consumption: HR (36.6%); PT (34.4%); FR (21.4%); and IT (20.1%), with Spain (17.5%) and Germany (13.4%) scoring in the mid-range, and all remaining countries having a negligible share of RES in their heating and cooling energy use [21] . The overwhelming majority (90%) of our respondents were producing energy from, or planning to install, solar PV ( Figure 4 ). Nevertheless, one third of respondents were producing energy from wind, which came second in terms of popularity, followed by biomass, storage in batteries, biogas, and solar thermal, respectively. More than half of the prosumer initiatives invested in more than two technologies, with a considerable percentage (20%) investing in more than four technologies.
Country differences were quite relevant: Belgian respondents reported wind energy as their leading technology, while Croatian respondents focussed on biogas, biomass, and co-generation. The Italian initiatives invested in the highest number of different technologies, each reporting that they were using on average about five to six technologies. The 'big four' from our sample (NL, DE, UK, and FR) as well as Spain reported solar PV as their main technology, but choices for secondary technologies varied significantly: biomass and storage in Germany, wind and storage in the UK, whereas in our French dataset, we found almost no experimentation with energy storage. Even though few initiatives were actively investing in mobility options, several mentioned that they were planning to invest in storage in future. From the trend observed in our dataset, we expect both storage and clean mobility to become more significant. To gauge the different sizes of the RES prosumer initiatives in our dataset, we inquired about the number of members, and client base as well as the number of staff. Our dataset had a predominance of middle-sized initiatives (more than half of the respondents reported having between 51 and 500 members) ( Figure 5 ). Having members, mandatory in most cases, was the norm for cooperatives and the not-for-profit sector (NGOs, associations, foundations, and informal collectives). About half of the cooperatives and the not-for-profit initiatives reported having direct clients besides members.
A surprisingly high number of companies reported not having direct clients, but when verifying their websites, we concluded that there may have been a miscommunication due to our use of the term 'direct client', since they did report having clients on their websites. In terms of staff size, while the average number of staff members was low (13, with a median of eight), when compared to the member sizes of the initiatives, there were extreme outliers (an overall range from 1 to 150 staff members) as well as differences between companies, cooperatives, and the not-for-profit sector, not to mention between countries. Unsurprisingly perhaps, considering their for-profit nature, private companies had the highest average number of staff (although they have the same median), while cooperatives on average had a little over half as many. The not-for-profit sector reports the lowest number of total staff, which may reflect their size and/or limited financing options, while their focus may also not be exclusively on producing RES. The public sector's sample size was too small to make a definitive observation. Initiatives from NL, UK, and ES (and to a certain extent IT) reported the highest average number of staff.
We also collected information on the financing strategies of the RES prosumer initiatives in our dataset, which we correlated with their legal form and country of origin. Most respondents indicated more than one form of financing. The top choice in terms of financing ( Figure 6 ), whether correlated by country or by legal form, was through member contributions and/or the founders of the initiative (reflecting the high representation of cooperatives in our dataset). This was followed by public funding, whether regional, national, or from the EU, and then by bank loans, whether traditional or ethical/non-traditional. The latter was a financing form par excellence for those investing in (typically expensive) wind energy projects. More alternative forms of financing, such as collecting single donations from individual citizens and crowdfunding, tended to be residual choices, as reported by less than 10% of our dataset, while these forms of financing were completely absent from the German sample. Almost half of the initiatives stated that they had to borrow more than €150,000 to kick-start their initiative, with another significant number (27%) claiming that they did not need to borrow any money. Most of the 'larger' investors were cooperatives, including all of the wind cooperatives, a few homeowner associations and other initiatives that invested in a heating system, and half of the Croatian companies. Among those that did not borrow any capital were most of the public institutions in our dataset, several local cooperatives, associations with a local focus (32 initiatives), and all the informal collectives. Regardless of the initial form of financing, two-thirds of the RES prosumer initiatives from our survey ended up owning their RES installation. In half of the remaining initiatives, the founding or supporting organisation owned the installation. This was the case of the initiatives founded by another cooperative or by an NGO, or that varied their partnerships according to each project (letting the partner own the equipment). The remaining options (such as co-owning with a utility or even the possibility of each member owning an installation) were very residual.
Organisational Structure of Collective RES Prosumers
As stated earlier, most of the initiatives with members in our dataset were mid-sized, with an average staff of 13, and a median staff of eight, meaning that the teams responsible for running these operations are generally on the smaller side (146 initiatives had less than 15 people involved in running the initiative, and half of those that have members reported between 50-150 members).
There was a significant gender imbalance in most of the surveyed initiatives, as illustrated by Figure 7 . Most people working in the prosumer initiatives were male (72% overall), with the biggest imbalance found in German initiatives, where 80% of staff was reportedly male. Only in 17% of the 153 initiatives that answered these questions were there more women active in the initiative than men. Overall, these numbers resemble the gender distribution reported in the literature [44, 45] . There were also three examples in the sample that were run by women only and 23 examples that were run by men only. The picture improves slightly when we move from management staff to non-management staff, especially in the public sector; however, on average, the change was only~10%. The differences between legal forms and between countries when it comes to the balance between paid staff and volunteer staff were even more significant (Figure 8 ). On average, cooperatives depend on volunteers for more than two-thirds of their staff positions, the not-for-profit sector is almost exclusively dependent on volunteers (82% on average), whereas this balance inverts when we look at the other top legal forms. Looking at the different countries, we found that the Belgian and Dutch initiatives were the most dependent on volunteers (89% and 81%, respectively), with German, UK, and French initiatives also showing a high dependence (between 72-75%). The Spanish, Italian, and Croatian initiatives showed the opposite trend: they paid between 71% to 100% of their staff (Croatian initiatives reported 100%, but as mentioned, these were practically all companies), while the Italian cooperatives had been in general established much earlier and often functioned as utilities for their region [19] , which may explain their ability to pay their staff. The Spanish initiatives that responded to our survey were highly diverse, with no obvious factor explaining why these were outliers. We will discuss the implications of the dependence on volunteering in the next section. In terms of governance models, our survey measured how major (strategic) decisions were taken by the initiatives as an indicator of the degree of participation and inclusiveness [46] . Figure 9 presents the decision-making style at three levels of decision-making (founders, core team, and general assembly) as well as the level of involvement of staff in strategic decision-making, ranging from not informing staff, offering lip service to involvement (i.e., simply informing of decisions), asking for opinions, asking for actual input, and involvement in the discussion and analysis resulting in decisions, to fully including those that will be impacted or have the relevant experience in decision-making, and, finally, taking all strategic decisions together with all staff. We offered three forms of decision-making to choose from: majority vote, consensus, and consent, where we defined consensus as a decision on which everyone, without exception, agrees; whereas consent is a decision that not everyone may agree with but that all can live with. About half of the cooperatives and not-for-profits reported that they decided by majority vote at the level of the general assembly. This is a common finding for the functioning of cooperatives and associations at this level, since they are legally obliged to hold at least one general assembly a year. About a quarter of cooperative and not-for-profit initiatives use the consent form of decision-making, with consensus (the most demanding form of decision-making) coming in last place. In contrast, the picture was inverted when it came to making important decisions at the level of the management team/core team and/or the founders. The favoured form here was decision-making by consensus (reported by 76 initiatives at the level of management), followed by a shared second place between consent and majority vote. These results point to issues of trust: in smaller, self-selected groups (i.e., founders, core teams), trust tends to be higher and consensus becomes a non-threatening decision-making tool to use. There were some relevant outliers, which could be further investigated: French initiatives on average reported that they did not use consensus in decision-making at the assembly level, whereas, in contrast, proportionally more of them opted for consent-based decision-making in the core team than the overall average. Other outliers were the initiatives from the UK, which tended to make major decisions primarily at the core-team level by consensus, and those from the Netherlands, where the use of consensus in assemblies was higher than that of consent (but still lower than the majority vote), compared to the overall average.
In terms of involving staff, the RES prosumer initiatives in our dataset clearly appear to favour the more participative/inclusive forms of decision-making. The top most participative forms of staff involvement were also the most reported by our respondents (close to 60% chose these). Importantly, most initiatives that reported the more participative forms of decision-making were cooperatives, thus staying true to the spirit of this organisational form. Of our 'big four' prosumer countries, only the UK initiatives deviated from the trend, converging on less participatory forms. The public sector initiatives, albeit a small sample, showed a clear trend in their answers: they either did not know if staff were involved, or stated that these were not informed. Since public sector organisations tend to follow stricter and multi-levelled hierarchies, this was not a surprising outcome.
Another measure we used to gauge inclusiveness in RES prosumer initiatives was the type of criteria for joining the initiative ( Figure 10 ). The most popular answer was the absence of criteria for joining, followed by the need to be a local resident, and by the impossibility of joining (mostly the case of public institutions and companies). Although small in number (15) , it is worth mentioning that some initiatives stated that a mandatory investment was their main criterium. This category would be larger if initiatives had not been forced to choose one answer option, since it is quite likely that most of the prosumer initiatives with members will require them to contribute upon joining. Finally, several initiatives made a point of mentioning that newcomers should agree with the initiative's principles and/or goals, highlighting a desire to create a sense of community. Again, the exact number could be higher if initiatives had not been forced to only choose one answer. The UK initiatives once again represented an outlier, with mandatory investment coming up as the second most important criterium, after 'no criteria'. We further asked respondents to indicate with which stakeholders (of a list of 15) they tended to collaborate and for what purposes (of a total of five types of relationships: 'knowledge sharing', 'self-promotion', 'access to funding', 'access to human resources', and 'access to material resources'). Their answers are shown in Figure 11 for the cooperatives, our largest sub-set, whereas answers for the top legal forms can be found in the Supplementary Materials (Document S2) . Overall, the most popular stakeholder group with which prosumer initiatives engaged was that of communities/collectives and/or cooperatives for the purpose of knowledge sharing, followed by engagement with citizens/households for purposes of self-promotion, and finally, contact with civil society organisations and other prosumers, again for the purpose of knowledge sharing. All legal forms, except for public institutions, additionally showed an interest in engaging with local and regional government for the purpose of self-promotion. For-profit companies differed from other forms in that they engaged more with regional and national government for purposes of fund raising than any of the other forms of relationships. Public institutions slightly favoured self-promotion over knowledge sharing with citizens/households and civil society organisations, which is unsurprising considering their function is often to regulate and mediate, while outright cooperation with citizens and civic organisations is a more recent phenomenon. Nevertheless, although the sample was small, public institutions were the only legal form to almost equitably try to engage with all other stakeholders, reinforcing the idea of public authorities as mediators or hubs for energy transition. The for-profit sector also tended to favour self-promotion over knowledge sharing, a trait common to the business sector. Finally, all legal forms, except for the for-profit sector, showed considerable interest in engaging with national networks, interest organisations, or social movements. The opportunities mentioned by some respondents included the building of synergies between RES prosumerism and other climate-friendly activities, such as energy efficiency measures and awareness creation. 
Key Drivers and Perceived Hindering and Success Factors
One of our main objectives was to understand the diversity of drivers behind the development of collective RES prosumer initiatives as well as hear from them what they perceive to be the key success factors and barriers to their development.
We asked respondents to grade, on a Likert scale, the degree to which certain drivers motivated them to start the initiative (spider graph in Figure 12 ). The outcome was quite unequivocal. Over 60% attributed the highest score to the driver 'tackling the climate change problem', followed by 'being part of the clean and low carbon transition', 'decentralising production', and finally the possibility to 'create a sense of community', closely followed by 'taking advantage of new RES technologies'. This overall trend was mirrored by the energy cooperatives in our dataset, except for the latter motivation, which was replaced by 'reducing the environmental impact of existing activities of the organisation/collective/community'. The for-profit sector appeared to be divided about their key motivation between 'responding to local demand/needs' and 'tackling the climate change problem', with the second place also divided, this time between 'being part of the low-carbon energy transition' and 'decentralising energy production'. The public sector differed from the previously mentioned legal forms by electing 'reducing the environmental impact of existing activities of the organisation/collective/community' as their second choice, while it did not appear to value 'creating a sense of community'. Finally, the not-for-profit sector placed 'reducing energy costs' in second place, before 'being part of the clean and low carbon transition', and relegated 'decentralising production' to fifth place. As an indirect measure of motivation, we asked RES prosumer initiatives about any additional services they might offer ( Figure 13 ) and obtained mixed results. A third of initiatives focussed exclusively on self-production and consumption, and offered no other services. About half of these were cooperatives, while the other half was made up of public institutions, some smaller associations, and two of the Croatian aggregator companies. When additional services were offered, energy efficiency advice took first place, followed by community-focussed services, such as community organising. Energy storage appeared here as an upcoming technology as much as an additional service, with several initiatives contemplating offering this service in the near future. Besides the key drivers, the key facilitating and hindering factors as perceived by our respondents were among our most elucidating results. Respondents were asked to choose the top three factors that most facilitated as well as those that most slowed down the development of their initiative, in their opinion. The results are presented in the spider graph in Figure 14 below. We found that the top four factors perceived as most facilitating by our respondents were: These factors were consistent across the countries as well as the legal forms, except for initiatives in France and other countries newer to RES prosumerism (PT, ES). These tended to rank the factor of 'ability to use RES technology' above that of 'renewable energy technology options available'.
The top four factors perceived as most hindering by our survey respondents were:
• Public policies and legislation for renewable energy initiatives. • Energy infrastructures (e.g., grid, meter). • Access to finance, subsidies, or grants.
•
Knowledge of policies and legislation in RES production.
These 'negative' factors were equally consistent across the countries as well as the legal forms. Curiously, there were a couple of factors that received a high classification in both categories, meaning that, depending on whether the initiative can harness the factor in question, it will be either a facilitating factor or a barrier. Such is the case for 'access to finance, subsidies or grants', which is considered to be critical to the initiative's development as well as a contributor to its potential failure. This was also true for 'knowledge of policies and legislation in RES production', which was considered as important for both the successful development (rated in fifth place) as for its failure when absent. It is illustrative of the importance of networking that the socio-political factor of 'collaborating and networking with others' was deemed as important as having the appropriate RES technology.
Several specific complaints were volunteered by respondents from different countries. German, Dutch, and Belgian respondents complained about complex bureaucracies amidst inconsistent laws and rules, and about the contradictory attitudes of authorities at different levels (regional vs national). French initiatives complained that they were not allowed to consume what they produced, while UK initiatives expressed their apprehension about the end of FiT. In smaller countries such as the Netherlands and Belgium, a lack of space for RES installations was reported as another barrier.
Discussion
Taking stock of the survey results and comparing them to our review of the context for RES prosumerism, we found that true collective prosumers (in the sense of simultaneous self-production and -consumption in a collective context) were hard to find. In some countries, of which France is an example, energy may be produced and sold, but not self-consumed. In other countries (Croatia and Germany), it is quite easy to self-consume, but very hard to sell (a license is needed). The nine countries under study, as explained in detail in [10] , varied significantly as to whether they recognised energy communities, allowed neighbours in the same building or apartment block to self-consume collectively, allowed energy communities to share electricity among members, or whether a supplier license was needed, to name but a few legislative features.
Our results open up several avenues for future research. Concerning legal forms, given the variety of forms that prosumer initiatives can choose from (see Table 3 ), we were expecting to find a high number of energy cooperatives, a legal form that allows for the hybridisation of socio-ecological objectives and the ability to make profit as well as share the latter among 'shareholders' (i.e., the members of the cooperatives). We were not expecting to find so many other hybrid forms such as public-private partnerships, other formal and informal partnerships, and the choice of the Ltd. or associative form to represent energy communities, which the EC so far does not recognise as a legal entity in itself (see Clean Energy Package Directives [3, 5] ). The occurrence and implications of hybrid organisational forms in the field of energy, particularly the cases of energy cooperatives and social enterprises, is becoming a topic in itself, and has been discussed by a number of researchers: Raven [47] , Huybrechts and Haugh [8] , and Bauwens et al. [48] . Although the cooperative form appears to offer initiatives that identify as energy communities a satisfying legal entity, it is also patent in our survey results that this choice is not always possible or ideal. In the Netherlands, to qualify for the so-called 'PostCodeRoos' incentive, you need to be a cooperative, whereas in France, you can run a for-profit organisation such as a SAS (Société par actions simplifiée) as a cooperative, reaping benefits from both organisational forms. More qualitative or in-depth research among RES prosumer initiatives operating under different legal forms may explain better what is happening.
As for the energy needs addressed by RES prosumer initiatives, electricity clearly stands out. Factors influencing the choice of energy needs that prosumer initiatives wish to address still require further research. Among these are the fact that many RES subsidies are for electricity production and that RES electricity is easier to share collectively, whereas a heating system requires very specific conditions (e.g., the need to refit entire blocks, neighbourhoods, or districts, a higher entry barrier, a significant change in basic grid infrastructure).
Although we showed earlier (in Section 2) that official country numbers for the shares of renewable energy in gross final energy consumption maintain wind energy as the leading RES technology, the trend encountered in our results-with photovoltaic PV leading the RES technology choices-may be explained by the fact that the growth of wind energy has occurred largely independently from prosumerism, with projects mostly developed by energy companies [49] . Additionally, wind energy projects are very costly [31] . On the other hand, solar-powered technology is growing fast, and it has proven easier to build and set up. It is therefore expected to take the lead from wind energy in the upcoming years [50] .
Gender is without a doubt an important crosscutting topic for research on RES prosumers. The extremely low overall involvement of women in energy initiatives has already been mentioned in a number of studies and reviews [34, 35] . Some explanations for this, in the case of Germany, can be found in [44] , whereas French data indicate that gender differences are not just linked to individual preferences and investment attitudes, but also significantly influenced by cultural, social, and political factors [33] . There were interesting country differences regarding the gender balance between our initiatives. Whereas the average percentage of women in the initiatives in our dataset did not exceed 30%, Portuguese and Spanish initiatives reported on average close to 50% women in management positions, and 60% in non-management positions. Spain and Portugal happen to be countries that have been flagged for low levels of overall volunteer participation, which is why, despite the small sample size for these countries, finding more female than male volunteers merits further investigation [51] . Between the legal forms, no significant differences can be reported as to the female/male balance, apart from the public sector, the only type of organisation with high numbers of female staff, albeit mostly in non-management positions.
Regarding the financing choices of our respondents, we found that most of those that did not borrow any capital were public institutions, aside from several local cooperatives, associations with a local focus (32 initiatives), and all of the informal collectives. These patterns closely resembled those obtained for community energy in Germany [52] . Kahla, for instance, reported an 'inverted leverage effect' that has been observed for social enterprises in general: high equity ratios may be explained by lower costs of equity for some initiatives compared with costs of debt (for more also see [53, 54] ). Another observation that we can make is that the United Kingdom, one of the countries with the broadest mix of financing in our dataset, is also the country with the least initiatives opting for a traditional bank loan (9%), whereas Germany and France have quite a high share (46 and 78%, respectively), reflecting different banking cultures and/or systems in these countries. UK initiatives appeared on average to be more professional and better financed, but the recent abolishment of the Feed-in-Tariff may turn this panorama upside down [23] .
The extreme dependence of cooperatives on volunteer labour constitutes one of their key weaknesses, as reported by our respondents: one representative from a Dutch cooperative put it this way: 'We need to move from hobby to lobby, from volunteer organisation to professionalisation' (translated from the original Dutch). This fragility is also something Brummer discusses in his comparative review of community energy in the USA, UK, and Germany [30] . He found that a reliance on volunteers was a barrier in the USA and Germany, but not in the UK. Although volunteers are generally highly motivated, their lack of expertise in certain areas, and possible limitations in terms of dedication, means that cooperatives and energy communities will need to spend money on qualified consultants. Research on non-profit organisations highlights professionalisation as a stage of development in the life-cycle of non-profits [55, 56] , which respond to external pressures-'isomorphism' [57] -or rely on government grants and trading [58, 59] . As a reaction, non-profits have taken different paths [60] . However, research into not-for-profit organisations also documents some flipsides of professionalisation: the danger of 'mission drift', less engagement by volunteers, or diminishing capacity of social capital production [61] [62] [63] . In part, these negative effects seem to rest on whether members or external staff are employed [59] [60] [61] . Against this background, current EU policy and transposition of directives into national law may create space for the professionalisation of some collective prosumer initiatives, but will most probably also lead to hybridisation and organisational differentiation in this subsector. The heavy reliance on volunteers in the largest sub-sector of collective RES prosumerism may constitute an underappreciated barrier that current EU policy is not addressing.
Our study confirmed the predominance of social drivers over financial and more inward-focussed motivations for collective forms of RES prosumer initiatives. Over 60% of respondents attributed the highest importance to tackling the climate change problem and being part of the clean and low carbon transition, while about half also attached importance to the decentralisation of production and to creating a sense of community. While the nuanced differences in terms of motivation found in the for-profit sector and public institutions can be explained by their respective missions (see Section 4.4.), it remains unexplained-but does not speak to a favourable policy landscape-why over 20% of all legal forms, except for the for-profit sector, had a surprisingly negative view of the possibility of 'taking advantage of policy incentives' or 'subsidy schemes'. Whether this is a result of the difficulty in obtaining said support or whether they find this an unsound reason to start an initiative, is not clear. In contrast, the Croatian initiatives gave high scores to taking advantage of policy incentives as well as subsidy schemes, while 'reducing energy costs' and 'improving revenues of their organisation' also received high votes. Since the legislation in Croatia favours larger, profit-oriented set-ups [10] , there is a lack of incentive and support for other forms of prosumer initiatives, particularly more decentralised ones.
Among our strongest findings was the perceived hindering vs facilitating factors reported by our dataset. Consistent across countries as well as legal forms (with the exception of France and recent prosumer countries such as Portugal and Spain, which were more concerned with the ability to be able to use RES technology), we found that initiatives listed as their top four facilitating factors the knowledge of renewable energy technologies, access to finance/subsidies/grants, collaborating and networking with others, and the availability of renewable energy technology options. However, initiatives in our survey felt that having good RES technology options was not sufficient if relevant energy infrastructures were not in place. In an overwhelming first place, existing public policies and legislation for RES initiatives were perceived as a key barrier. This reinforces our findings that the fact that legislation in the surveyed nine countries is currently either being revised, or likely to be revised after the new EU directives come into effect, creates an unstable and uncertain environment for RES prosumerism to flourish. Around 60% of our respondents signalled RES public policies and legislation as the top hindering factor to their development. Indicative of a potential crucial barrier to prosumerism development, access to finance appears as both a facilitating and a hindering factor. Furthermore, the importance attributed to collaboration speaks to its multi-functional aspect, allowing initiatives to join others (strength in numbers), learn from others as well as learn together, promote themselves and their common cause, and share resources. Cooperation of different sorts allows the prosumer initiatives to build up know-how beyond what they would have achieved alone, a function that has also been observed for cooperation among municipal utilities [64, 65] . Free knowledge sharing and the use of open source tools are characteristic of the cooperation between collectives that do not have profit as their primary objective, and can jumpstart collaborative economies.
Finally, the initiatives in our dataset showed considerable interest in engaging with national networks, interest organisations, or social movements, a finding that illuminates patterns of cooperation in a sub-sector that shares some similarities with the ones found among (local) municipal utilities [66] .
Conclusions
This paper examined a wide spectrum of collective prosumers beyond the better-known forms of energy cooperatives. The aim was to establish the current state of play for collective forms of RES prosumerism in Europe considering the demands and promises of the Energy Union. Our documentary review and survey across nine EU countries revealed key differences, challenges, and needs across different types of collective prosumers and across national contexts, and can therefore inform the design of an incentive system supporting clean, fair, and sustainable energy transition pathways. Our research established a comprehensive baseline and a broad cross-section of the diverse profiles of the RES prosumer energy actors, raising several red flags, such as the persistence of an uncertain political and legislative setting; the challenges of volunteer-run structures; the lack of tailor-made policies for collective RES prosumer initiatives-namely those with a civic focus; slow progress in terms of the democratisation of critical energy infrastructures-in particular, the digital infrastructure; the difficulties of accessing finance for RES prosumer initiatives; and the need to more widely share knowledge of RES technology options as well as of how to implement and run RES installations. It also pointed out opportunities and new pathways including the chance to create synergies between RES prosumerism and other climate friendly activities (e.g., complementing prosumerism with energy efficiency measures or awareness creation); the possibility to improve collaborations and knowledge-building between different stakeholders; or the ability for RES prosumers to also become energy suppliers.
Based on these results, we highlight in the following a number of dilemmas for RES prosumer collectives and provide recommendations for national legislators in the transposition of EU directives as well as for future research.
The first dilemma relates to the way the collectives are internally organised: two main types can be distinguished, those collectives relying on volunteer work and thus civic activism, and those relying on paid staff and thus a more commercial and/or bureaucratic attitude. With regard to making energy transitions more inclusive, the-on the surface more accessible-civic activism holds a risk of exclusion as it means that only those who have the time and resources can afford to volunteer. A related concern in this dilemma is the chronic under-representation of women in energy initiatives.
The second dilemma relates to the choice of an appropriate legal form/organisational structure for a RES prosumer initiative: this is a less straightforward choice than one would expect since it is tied to a number of conditions and factors, such as the availability of different legal forms in different countries, or how specific legal forms are tied to specific support and subsidy schemes, and whether there is an obligation to apply for a production license. The reality of legal forms leads to potential conflicts when it presupposes a certain value orientation (such as a for-profit orientation), while the collective may be aspiring to combine such for-profit goals with social goals and thus a more civic-oriented role in the energy transition.
A third dilemma relates to the further formalisation of prosumer initiatives through the advent of the Clean Energy Package. While this promises clarity and support, it also forces such initiatives to formalise. The fact that the newly coined EU concepts for collective RES prosumers-'renewable energy community' and 'jointly acting renewables self-consumers'-imply that the collective must choose one or other legal form to run the community rather than being able to register as such, could limit rather than stimulate the expansion of the more civic-inspired prosumer initiatives. Informal groups or partnerships will not be able to qualify as an energy community. With this limitation comes the risk of hindering the decentralisation of the energy system and the uptake of RES. It is now up to national governments to pick up this challenge as they implement the new EU Directives, a challenge that implies more diverse interpretations and treatment of prosumers of different types in different EU countries, to the benefit of an inclusive, clean, fair, democratic, but also rapid energy transition.
We propose several recommendations for policy-makers from Member States involved in the transposition of the Directives from the Clean Energy package:
•
Develop supporting legal and institutional frameworks for collective forms of RES prosumerism that recognise and support a range of organisational forms; • Work with national regulators and network operators to ensure fair, open, and transparent access for prosumers to the electricity network infrastructure; • Develop long-term and consistent approaches to financial support for prosumerism, avoiding cliff edges and uncertainty; • Harness local and bottom-up solutions to solve energy system challenges, recognising the social/non-financial value that is created by these solutions;
• Ensure and support fair, open, and inclusive participation in the prosumer energy transition; especially for marginalised groups, such as women, ethnic minorities, and those with limited material resources.
Within the methodological limitations of a survey study, we have achieved a broad range of cross-cutting aspects of the collective forms of RES prosumers and provided a baseline overview of 'what is'. Now, ongoing and future avenues of research can build on these exploratory findings and examine them more in-depth, across different types of prosumer collectives as well as across cultures and countries in Europe. The most relevant avenues to further explore, in our view, are:
•
The implications and policy recommendations stemming from the mismatch between an initiative's legal/organisational form and its mission; •
The key factors driving renewable energy technology needs and choices; •
The reasons behind and fixes for the differences in female/male balance in terms of participation; •
The challenges and fragilities of volunteer-run organisations, and how to overcome these; •
The significance of different internal decision-making and governance styles as well as viable business and financing models that support RES prosumerism.
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Appendix A Table A1 . Survey questionnaire: distribution of questions according to category. Adapted from: [23] (pp. 56-57). 
Control questions
Use of technology by collective RES prosumers
Q9a (which technologies are used or planned) Q9b (installed capacity of these technologies) Q10 (is the initiative connected to the grid) Q11 (when did they start producing/plan producing) Q12 (energy produced in 2017 for each technology) 4. Governance/organisation of collective RES prosumers Q15-19 (staff characteristics: total number, women/men proportion, volunteer/paid staff proportion) Q26 (decision-making style in executive organs) Q27 (involvement/participation of staff/non-management teams in decision-making) Q28 (networking, openness to others) 
Financing of the initiative
Appendix B
Excerpts from the survey form for collective RES prosumers. 
